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Background 
The present thesis aims to explore the dynamical behavior and structural properties of 
biomaterials, oleic and linoleic acids, through investigating their polymorphic phase 
transitions by using vibrational spectroscopy, and to develop novel approach for enhancing 
NIR spectroscopic signals.  In this study, the ultrapure oleic acid (cis-9-octadecenoic acid) 
and linoleic acid (cis-9, cis-12-octadecadienoic acid) were applied for the purposes described 
above.   
Investigations on the dynamical and structural properties of oleic and linoleic acids are one 
of very important and longstanding research topics and have attracted greatest attention from 
a biochemical point of view.  It is because that their characteristic properties can give further 
insight into the functional mechanisms of cis-mono and polyunsaturated fatty acids in 
activities of biological systems, such as the signal transduction across cell membranes, the 
protein energy metabolism and the developing of nervous and optical systems.  Moreover, 
they can be used as footstones for more highly unsaturated essential compounds through 
series of metabolic desaturating steps and elongations within the human organisms.  The 
liver is the primary site for these metabolisms in human organisms, although it does take 
place in other tissue as well.  Thus, comprehensive understanding of their dynamical 
characteristics at molecular level is very crucial for elucidating the life sciences and biological 
functions of cis-unsaturated fatty acids.   
Results and discussion  
The present thesis claims as followed five achievements: the first one is the successful 
elucidating the structural evolutions and revealing new insights about the segmental behavior 
of the well known γ → α phase transition in cis-monounsaturated fatty acids through 
analyzing the characteristic bands of the methyl and carboxyl groups and the progression 
bands associated with each portion of the acyl chain in oleic acid.  The second one is about 
the study on the peculiar molecular configurations and features in the low-temperature (LT) 
→ middle-temperature (MT) polymorphic phase transformation of linoleic acid by comparing 
the series of temperature-dependent FTIR spectra between oleic acid and linoleic acid.  The 
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third one is about the molecular properties and responses of oleic and linoleic acids in polar 
solution, ethanol, explored by using two-dimensional correlation (2DCOS) spectroscopic 
technique.  The fourth one is the establishment of versatile and enhanced analytic approach 
for near-infrared (NIR) spectroscopic signals measured from complex organism which holds 
abundant water.  Moreover, the applicability of NIR on exploring the phase transitions of 
fatty acid also investigated by combination with chemometrics.  The last one is investigating 
the applicability of NIR to screen the polymorphic transitions of fatty acids.  
The novelty and originality of this thesis can be described as follows: By virtue of 
temperature-dependent FTIR spectroscopy and analysis on the characteristic bands associated 
with each portion of the acyl chain by using quantum chemical oscillator model on the γ → α 
phase transition of oleic acid, the structural evolutions and segmental dynamics of the acyl 
chain of cis-monounsaturated fatty acid were elucidated in detailed.  Furthermore, the 
conformation changes of the dimerized carboxyl groups were first investigated for 
cis-unsaturated fatty acids.  In order to explore the conformational states and dynamical 
properties of cis-polyunsaturated acy chain in fatty acids, the comparative investigations 
between the γ → α phase transition of oleic acid and the LT → MT phase transition of linoleic 
acid are operated.  Based on the spectral differences of progression bands generated from the 
segmental portions of both acyl chains and characteristic bands due to the methyl terminal and 
carboxyl groups in these two phase transitions, the specific conformation and structural 
features at the vicinities of methyl terminal and the C=C sections of the alkyl chain of linoleic 
acid are derived.  Third, for comprehensive understanding of the structural features and 
behavior of cis-unsaturated fatty acids in liquid state, the liquid oleic and linoleic acids are 
studied in ethanol solution by using time-dependent ATR-IR spectroscopy.  In this study, the 
remarkable association between OH group of ethanol and COOH group of fatty acid, and 
different mobility at C=C sections of the acyl chains of oleic and linoleic acids are first 
obtained and elucidated.  Fourth, for enhancing the spectral information and accelerating the 
quantitative and qualitative applications of NIR spectroscopy, one novel analysis approach is 
developed based on the measured spectra of apple.  This spectral analysis approach which 
combines the variable bagging with PLS techniques displays great potential in obtaining the 
contributions from analytes and in improving the performance of developed calibrations. 
This thesis consists of five chapters.  Chapter 1 describes the detailed structural changes 
and dynamical behavior on the famous γ → α phase transition of oleic acid.  By observing 
the bands due to the cis-olefin, carboxyl and methyl groups as well as the CH2 rocking-CH2 
twisting progression bands, the structural change of each portion of oleic acid has been 
revealed in detail.  The assignments and characteristics of the progression bands are 
investigated by using the simple-coupled oscillator model.  Moreover, the spectral 
measurements on a heating process from -40 ˚C close to the melting point show that oleic acid 
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carries out two types of structural changes.  One is the sudden and drastic structural changes 
at the γ → α phase transition point, and the other one is continuous structural changes both in 
the γ phase and in the α phase.  The former one taking place at the phase transition point 
primarily occurs in the portion from the cis-olefin group to the methyl group, which is 
consistent with the results of the previous studies.  The carboxyl group carries out a gradual 
and localized structural change in the γ and α phases.  According to the spectral analysis, the 
structural change of the carboxyl group in the γ phase is likely to be caused by an equilibrium 
shift in the tautomerism between two isomers of the carboxyl group.  In the γ phase, the 
methyl group becomes more mobile than the rest of the molecule as the temperature 
increases.  
Chapter 2 explores the dynamical behavior of the polyunsaturated acyl chain with multiple 
cis-olefin groups.  By comparison the spectral variances between the γ → α phase transition 
of oleic acid and the LT → MT phase transition of linoleic acid, the structure and dynamical 
properties of polyunsaturated acyl chain interrupted by cis-olefin group are elucidated in this 
chapter.  The FTIR spectral analysis shows that the methyl terminal and adjacent segment of 
the polyunsaturated acyl chain in linoleic acid occurs a less conformational change in the LT 
→ MT transition than the acyl chain of cis-monounsaturated in the γ → α transition.  
However, the cis-olefin portion occurs an obvious and drastic variance prior to the phase 
transition point.  Furthermore, 2DCOS calculation indicates that the conformational changes 
of the methyl-sided cis-olefin groups initially occur and achieve in LT phase.  That is to say, 
the conformational structure of C=C bonding has a higher temperature dependence than that 
of methyl terminal in the LT → MT polymorphic transformation.  The methyl-sided 
cis-olefin group initially transfers in the LT phase and completely accomplish prior to the LT 
→ MT transition point.  This specific characteristic probably generates from the larger 
mobility of the methylene interrupted diene structure at the melting interface.  
Chapter 3 is concern with the segmental behavior and the intermolecular interactions of the 
oleic acid and linoleic acid in the intermediate solution, ethanol.  In this chapter, we 
introduce the 2DCOS and ATR-IR into the gradually aggregated molecules to explore the 
structural properties and dynamical behavior of oleic and linoleic acids in the ethanol solution.  
Moreover, following the previous development of 2DCOS, one new hetero 2DCOS approach, 
hetero-system 2DCOS, was proposed in this chapter.  Through this study, we found that the 
dimeric acids can be dissociated and form the hydrogen-bonded complexes with ethanol 
molecules at the low concentration.  With the evaporation of ethanol, i.e., the increasing of 
molecules of acids, they undergo the self-assembling that depends on the nature of the alkyl 
chains to form tightly packed quasi-smectic crystal structure.  The hetero-system 2D 
correlation reveals a specific difference in the dimer formation and the self-assembling of 
acids.  That is, the aggregation of linoleic acid occurs faster than that of oleic acid, whereas 
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in the rate of evaporation of ethanol becomes slower.  It is very likely that the presence of 
C=C bond plays an important role in the self-assembling of oleic and linoleic acids.   
  Chapter 4 reports one novel spectral analysis approach for PLS modeling technique and 
explores its performance in the complex NIR spectra.  We named this approach 
variable-bagging.  Variable-bagging, which can condense information from spectral 
variables broadly distributed in the wavenumber dimension and truncate the contribution of 
non-informative variables such as interference or simple noise, is used to bootstrap a set of 
spectral variables for each modeling process.  Thus, the variable-bagged PLS (VBPLS) can 
be viewed as an ensemble of multiple PLS models built with bootstrapped molecular structure 
features of the analytes, for example wavenumber.  The VBPLS technique potentially has an 
advantage to yield superior regression performance to conventional PLS based on a single 
model.  The performance of VBPLS is demonstrated by determining of Brix values with a 
set of NIR spectra collected from apples.  In comparisons with other PLS techniques, the 
VBPLS yields superior regression performance in terms of both prediction error and 
robustness to conventional PLS even with the optimal numbers of latent variables.  That is to 
say, VBPLS model can describe more reasonable relationships between the NIR spectra and 
corresponding Brix values.   
  Chapter 5 describes the applicability using NIR combining with factor analysis to 
investigate the instantaneous phase transitions of fatty acid.  In this chapter, the 
temperature-dependent NIR spectroscopy was applied to monitor the phase transitions of 
oleic acid which was chosen as specimen.  NIR spectroscopy shows high sensitivity to the 
carboxyl groups in the phase transitions and indicates distinct changes at the peaks associated 
with the methyl and carboxyl sides chains during the phase transition.  Calculated local 
ranks based on model-free deconvolution EFA display that three components dominate the 
whole phase transition process of oleic acid, moreover, they stepwise appear with increasing 
temperature in the transition process.  The calculated pure spectra of initial three factors (FA) 
shows wonderful goodness of fit with the experimental NIR spectra measured at temperatures 
of the γ, α, and β phases, respectively.  Changes of optimization concentrations 
corresponding to each factor, the γ, α, and β phases, recovered from operating alternative least 
square (ALS) regression with non-negativity constraint to the initial estimations of EFA as a 
function of temperature evidently illustrates the detailed change of each polymorph in the 
phase transition.  That is, the contribution of γ phase drastically decreases with temperature 
before -2.2 oC, and finally disappears at the melting point, 13.3 oC; the α phase, which mainly 
contributes to the range from -2.2 oC to melting point, quickly emerges from -18 to -2.2 oC 
and then gradually increases until around 16 oC where it sharply disappears;  the β phase, 
which takes over the phase transition above 16 oC, intensely increases after melting point, 
which indicates the untransferable formation of the structure of the β phase.   
